An investigation of magnetic properties of a Mr.O-ZnO-Fe2O3 ternary system, crystallized in various atmospheric con ditions is reported in this paper. The initial permeability, maximum permeability, saturation magnetization, Curie temperature and hysteresis loop were measured for these ceramic ferrites. Also, the crystal structure of these specimens were examined by X-ray diffraction. It has been found that a high permeability region in the ternary system is markedly wider in the case of sintering in nitrogen than in air, because the excess hematite is reduced to magnetite in the region where the Fe2O3 content is more than 50mol%.
II. Experimental Procedure
Preparation of specimens
For the present work, a series of manganese-zinc ferrite specimens whose compositions are shown in Fig.   1 were prepared by standard ceramic techniques. These results show that saturation was affected by precipitated hematite. The rapid decrease of saturation magnetization in the ZnO side is quite the same as in permeability.
Fig . 5 shows the relation between the Curie point and the mixture composition in the case of air-sintered specimens.
3. Magnetostriction   Fig. 6 shows the relation between the saturation magnetostriction and the mixture composition. The value of saturation magnetostriction is positive in the Fe2O3 rich region and is negative in the Fe2O3 poor region for specimens treated either in air or in nitrogen. Therefore, there exists a region where the magnetostriction is zero between the two regions. Such a region is approximately in the region for 53mol% Fe2O3 and there is no large difference between the specimens sintered. in air and sintered in nitrogen. But, the maximum position of permeability appears in this region only when the sample is treated in nitrogen. As mentioned above, this is because the magnetic properties deteriorate ture of the hysteresis curve on a specimen containing 35mol% Fe2O3, 60mol% MnO and 5mol% ZnO. These specimens contain ZnO and so they are characterized by a lower coercive force than the well-known manganese magnesium ferrites(16). The coercive force decreased with the increasing ZnO content, but the rectangular hysteresis characteristics disappeared when the ZnO content becomes more than 15mol%. composition corresponds to those denoted by squares in Fig. 1 . A typical example is shown in Fig. 7 which shows the results of measurements at various temperadensity and B5 is the flux desity at a magnetic field of 5 Oe.)
It has also been reported that a similar tendency regioir, where the Fe2O3 content is more than 50mol%, the excess iron ion, which exists as Fe2+ at the sintering temperature, oxidizes to Fe3+ during the cooling %Fe203, 60 to 10mol% MnO, and 0 to 50mol ofo ZnO, the specimen consists of a single phase of cubic spinel. The lattice constant is -8.45 to 8.50 A, as shown in Fig. 9 . On the other hand, in the case 'of treatment. in nitrogen, the precipitation of a-Fe2O3 is not detectableat all in the region of 30 to 70 mol% Fe2O3. But, when the Fe203 content was more than 80%, the presence of a small amount of a-Fe2O3 as a 2nd phase was noticed. Consequently, the excess Fe ion forms magnetite in specimens treated in nitrogen and the spinel phase will consist of a solid solution of manganese zinc ferrite and magnetite, corresponding to the composition. Actually, according to the result of chemical analysis (Fig. 10) , about 40 mol % FeO is contained in a specimen of 100 mol % Fe2O3 treated in nitrogen. As the Fe203, content decreases the amount of FeO formed decreases linearly. According to .the results obtained by X-ray analysis, both the intensity and the lattice constant were almost the same for specimens consisting of a single spinel phase, in treatment either in, air or nitrogen.
In specimens containing an excess of more than 50% MnO, po largely decreases by treatment either in nitrogen or in air. This may be attributed to the appearance of a small amount of Mn2OP3(18), as will be mentioned later.
The origin of the high permeability
Harvey et al (19) reported that the composition which shows the highest permeability lies near that of zero magnetostriction, in the sintered oxide of the NiO-ZnOFe2O3 system. The same results were obtained by measurement of the magnetostriction of the MnO-ZnOFe203 system (Fig.6) . The composition which gives the highest initial permeability is 50mol% Fe2O3,25 mol % MnO, and 25mol% ZnO. The magnetostriction is almost equal to zero at this composition. It was also mentioned above that the line of the highest per- Fig. 9 . Contours of the lattice constants in Angstrom.The solid lines represents the data for the specimens sintered in nitrogen and the broken lines data for the specimens sintered in air.
is estimated as shown in Table 1 , from the intensity of the (104) line of ct-Fe2O3. In this table, the intensity of the (104) line of.a specimen consisting of 100mol% Fe2O3 could not be detected when the Fe2O3 content was less than 50mol%. In, the region of 50 to-30mol meability appears near the line of composition where the magnetostriction is zero, only in the case,of specimens sintered in nitrogen. microwave measurements). When the value obtained by the authors are compared with those already known, it is noticed that the author's values are quite reasonable, if wes consider the difference in composition. It is known from Fig. 11 that K1 rapidly decreases with the increase of the ZnO content and the decrease of the Fe203 content, if the MnO content is constant. This fact is obviously due to the effect of the addition of ZnO and is also deduced from the decease of Curie temperature with increase of the ZnO content. It is noticed that the, region of small K1 almost agrees with the narrow zone of high inital per- Fig. 12 Initial permeability of some specimens as a function of temperature.
Squareness in the hysteresis loop
It was mentioned before that the specimens showing a rectangular hysteresis loop are obtained wheyi they are sintered in nitrogen, and have compositions of 30 to 45 mol % Fe2O3, 40 to 70mol % MnO, and 0 to 15mol % ZnO. From the results obtained ,by X-ray analysis the lattice constant is 8.52 to, 8.60 in this region and are shown in Fig. 9 . These values,are comparatively larger than that of otherr compositions but the axial ratio a/c is the same (0.708*) as that of the other compositions. Also the specimens sintered in air have the same lattice constant and the same axial ratio but the hysteresis loop is not rectangular.
Since the presence of the Mn3+ ion has been considered to be necessary for the square hysteresis loop(24) of manganese magnesium ferrites, this was examined from the amount of Mn2O3 precipitated. In Fig. 10 , the amount of Mn203 in the region of the square loop is more than those in the Fe2O3 rich region, but no difference was found between the specimens sintered under different atomospheric conditions. Therefore, further investigation is required before the cause of the squareness of this material is clearly understood.
The ferrites with rectangular hysteresis, developed in our laboratory, has been used for double frequency memory cores(25). Especially those with 2 to 5 wt.% MgO added have excellent characteristics in high speed correspondence and low watt consumption.
V. Summary
We have studied the relation between the magnetic properties and the compositions of a polycrystalline ferrite MnO-ZnO-Fe2O3 ternary system, sintered in air or in nitrogen, and determined the region of composition which gives high permeability. Sintering in nitrogen gas gives preparations of high permeability in a wider region of composition than that in air. This may be attributed to the fact that, in the case of nitrogen treatment, the solution of the magnetite and manganese zinc ferrite exists in a wide range below 70 mol % Fe2O3 whereas in the case of air treatment, the single cubic spinel phase can only exist within a narrow. region between 30 to 50mol% Fe2O3. It was also confirmed that the highest permeability occurs along the line of minimum K1 and the line of zero magnetostriction. Furthermore in the Mn-rich ferrite region, it was found that the hysteresis loop becomes rectangular. These materials are characterized by a low coercive force compared with manganese magnesium ferrites.
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*Here the index of the diffraction line of spinels is treated as a tetragonal system, so the axial ratio of the cubic spinel is 0.708. 
